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Objective : The objective of this study was to compare the incidence of 
ventricular shunt placement for shunt-dependent hydrocephalus (SDHC) 
after clipping versus coiling of ruptured aneurysms. 

Materials and Methods : A retrospective review was conducted in 215 
patients with aneurysmal subarachnoid hemorrhage (SAH) who under- 
went surgical clipping or endovascular coiling during the period from 
May 2008 to December 20 1 1 . Relevant clinical and radiographic data 
were analyzed with regard to the incidence of hydrocephalus and ven- 
triculo-peritoneal shunt (VPS). Patients treated with clipping were assigned 
to Group A, while those treated with coiling were assigned to Group B. 

Results : Of 215 patients (157 clipping, 58 coiling), no significant differ- 
ence in the incidence of final VPS was observed between treatment mo- 
dalities (15.3% vs. 10.3%) [p = 0.35). Independent risk factors for VPS for 
treatment of chronic hydrocephalus were as follows: (1) older than 65 
years, (2) poorer Hunt-Hess grade IV and V, (3) Fisher grade III and IV, 
and (4) particularly initial presence of an intraventricular hemorrhage. 

Conclusion : In this study comparing two modalities for treatment of 
aneurysm, there was no difference in the incidence of chronic hydro- 
cephalus requiring VPS. A significantly higher rate of shunt dependency 
was observed for age older than 65 years, poor initial neurological status, 
and thick SAH with presence of initial intraventricular hemorrhage. By un- 
derstanding these factors related to development of SDHC and results, it 
is expected that management of aneurysmal SAH will result in a better 
prognosis. 
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INTRODUCTION 

Chronic hydrocephalus after occlusion of ruptured 
aneurysmal subarachnoid hemorrhage (SAH) has been 
reported to range from 6 to 67%. 16) The location of the 
aneurysm, initial mental status, and presence of initial 



intraventricular hemorrhage (IVH) are risk factors for 
development of chronic hydrocephalus. n ) 19 ) 21 ) 22 ) 26 ) T n 
addition, the amount of hemorrhage in the sub- 
arachnoid space and ventricular system has a strong 
association with development of hydrocephalus. 4)5)7)12) 
Acute hydrocephalus develops through obstructive 
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mechanisms when blood clot and products disrupt 
the cerebrospinal fluid (CSF) pathway. In contrast, 
chronic hydrocephalus may occur through a different 
mechanism where the adhesion obstructs the CSF 
circulation. 2 ^ 3 ) 6 ) 8 ) 10 ) 15 ) 18 ) 26 ) 

Due to advances in endovascular techniques, com- 
parison of the incidence of shunt-dependent hydro- 
cephalus (SDHC) after clipping versus coiling of rup- 
tured aneurysms is very important. Their relative ef- 
fectiveness of these procedures has yet to be clearly 
determined in the literature. Results of one study 
showed a lower incidence of shunt-dependent hydro- 
cephalus in the surgical treatment group. 7 ) In another 
study, no difference was observed between the clip- 
ping group and the coiling group. 12 ) 

Therefore, our objective is to analyze the incidence 
of SDHC between the surgical clipping and endovas- 
cular coiling groups. We also evaluate the variables 
affecting ventriculo-peritoneal shunt (VPS) after clip- 
ping or coiling of ruptured aneurysmal SAH. 

MATERIALS AND METHODS 

Patients 

A total of 215 patients with aneurysmal SAH who 
underwent surgical clipping or endovascular coil em- 
bolization during the period from May 2008 to 
December 2011 were included in the current study. 
Relevant clinical and radiographic data regarding the 
incidence of hydrocephalus and VPS were analyzed. 
Patients treated with surgical clipping were assigned 
to Group A, while those treated with endovascular 
coiling were assigned to Group B. 

Patients were initially diagnosed with SAH by brain 
computed tomography (CT) scan. CT angiography or 
digital subtraction angiography (DSA) was performed 
in order to confirm the ruptured aneurysm. The clin- 
ical characteristics of the patients were obtained from 
their medical records and imaging studies. 

Treatment modality 

The treatment modality for the ruptured aneurysmal 



SAH was determined by a vascular neurosurgeon. 
The patient's clinical status, location of the aneurysm, 
and the angioarchitecture of the aneurysm were fac- 
tors used in determination of the treatment modality. 
The indications for endovascular coil embolization 
were dependent upon the surgeon's discretion; surgi- 
cal difficulty causing potential complications, patients 7 
refusal of craniotomy, elderly patients, or poor medi- 
cal condition. 

Acute hydrocephalus was defined as development 
of ventricle enlargement on the basis of the third 
ventricle width and periventricular low density on 
CT scan within 72 hours of the aneurismal rupture, 
and as a clinical manifestation such as mental deteri- 
oration, memory impairment, gait disturbance, and 
urinary incontinence. Patients presenting with clinical 
deterioration with radiologic evidence of acute hy- 
drocephalus underwent immediate external ventricular 
drainage (EVD). Other patients who had radiologic 
evidence of acute hydrocephalus, but did not present 
with any clinical deterioration, underwent lumbar 
drainage (LD). In patients who underwent EVD, 
drainage was maintained for at least seven days after 
the ruptured aneurysmal SAH. Before removal of the 
EVD, the drainage was clamped for 24 hours and if 
the patient showed no neurological deterioration, a 
control brain CT was performed. If the control CT 
did not show any change of ventricle size, the EVD 
was removed. When the SAH was resolved in a fol- 
low-up CT scan, the LD was removed. Before re- 
moval of the lumbar drainage, the same protocol was 
performed with the patients who had EVD. If there 
was any neurological deterioration or if the control 
CT results demonstrated ventricle enlargement after 
clamping the drainage, patients underwent ven- 
triculo-peritoneal shunt (VPS) insertion at least four 
weeks after SAH. 

SDHC was defined as clinical symptoms of hydro- 
cephalus, including gait disturbance, urinary incon- 
tinence, and dementia with radiologic evidence of en- 
larged ventricles requiring VPS. 



Volume 16 ■ Number 2 ■ June 2014 79 



SHUNT-DEPENDENT HYDROCEPHALUS AFTER SUBARACHNOID HEMORRHAGE 



Table 1. Patient demographics and characteristics 


in both treatment 


groups 








Total 




B+(%J 




No. of patients 


215 


157 


58 




Age 




56.94 


55.67 




Sex M 


75 


58 


17 


0.29 


F 


140 


99 


41 




H-H grade Mil 




82 


29 


0.77 


IV-V 




75 


29 




Fisher grade l-ll 




49 


16 


0.61 


IIMV 




108 


42 




IVH 


134 


101 


33 


0.32 


Acute hydrocephalus 


52 


31 (19.7) 


21 (36.2) 


< 0.05 


LD 


17 


5 (3) 


12 (20.7) 


< 0.05 


EVD 


35 


26 (16.6) 


9 (15.5) 




Chronic hydrocephalus 


41 


32 (20.4) 


9 (15.5) 


0.42 


Location Ant. 


195 


153 (97.5) 


42 (72.4) 


< 0.05 


Post. 


20 


4 (2.5) 


16 (27.6) 




V-P shunt 


30 


24 (15.3) 


6 (10.3) 


0.35 



"Group A, Patients treated with clipping were assigned to; +Group B, Patients treated with coiling were assigned to; Two-sample f-test 
and a Chi-square test were used. 

No = number; M = male; F = female; H-H = Hunt-Hess; IVH = intraventricular hemorrhage; LD = lumbar drainage; EVD = external ventricular 
drainage; Ant = anterior; Post = posterior; V-P = ventriculo-peritoneal 



Statistical analysis 

A two-sample Mest and a chi-square test of in- 
dependence were used for comparison between the 
therapeutic groups (Group A and Group B). In this 
study, a probability value of less than 0.05 was con- 
sidered statistically significant. 

Univariate logistic regression model was used for 
analysis of the risk factors for shunt-dependent 
hydrocephalus. 

In comparison of the surgical clipping group and 
the endovascular coiling group, we analyzed the fol- 
lowing factors: 1) age, 2) sex, 3) initial Hunt & Hess 
grade, 4) initial Fisher grade, 5) presence of initial 
IVH, 6) presence of acute hydrocephalus, and 7) loca- 
tion of the aneurysm (Anterior circulation: internal 
carotid artery, posterior communicating artery, mid- 
dle cerebral artery, anterior cerebral artery, or anterior 
communicating artery, posterior circulation: vertebral 
artery, basilar artery, posterior cerebral artery, posteri- 
or-inferior cerebellar artery, anterior-inferior cerebellar 
artery, or superior cerebellar artery). The patients 7 da- 
ta were analyzed according to each treatment modal- 



ity (the clipping group versus the coiling group), and 
the risk factors were analyzed for each subgroup. 

RESULTS 

The mean age of the patients was 56.5 years (range 
27-79 years). The female to male ratio was 1.9:1. 
Surgical clipping by fronto-temporal craniotomy or 
posterior fossa craniotomy was performed in 157 
patients. Most patients underwent surgery by the 
pterional approach. If necessary, evacuation of intra- 
parenchymal hematoma and fenestration of lamina 
terminalis were performed during the surgical 
clipping. Endovascular coil embolization with or 
without stent insertion was performed in 58 patients 
with ruptured aneurysmal SAH. The patient demo- 
graphics and characteristics of the ruptured aneur- 
ysmal SAH are shown in Table 1. 

Shunt-dependent hydrocephalus according to the 
treatment modality (clipping group versus coiling 
group) 
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Table 2. Relating factors of shunt dependency in aneurysmal SAH patients 





















No. of patients 




30 


185 




Age 


> 65 years 


21 


81 


< 0.05 




< 65 years 


9 


104 




Sex 


M 


8 


67 


0.31 




F 


22 


1 18 




H-H grade 


l-lll 


7 


104 


< 0.05 




IV~V 


23 


81 




Fisher grade 




4 


61 


< 0.05 




lll-IV 


26 


124 




IVH 




25 


109 


< 0.05 


Treatment 


Clipping 


24 


133 


0.35 


modality 


Coiling 


6 


52 




Acute hydrocephalus 




8 


44 


0.56 


LD 




2 


15 


0.77 


EVD 




6 


29 


0.47 


Location 


Ant. 


28 


167 


0.23 




Post. 


2 


18 





Two-sample f-test and a Chi-square test were used. 

SAH = subarachnoid hemorrhage; M = male; F = female; H-H = Hunt-Hess; IVH = intraventricular hemorrhage; LD = lumbar drainage; 
EVD = external ventricular drainage; Ant = anterior; Post = posterior 



Thirty patients (14.0% of the total patients) under- 
went ventriculo-peritoneal shunt insertion for treat- 
ment of chronic hydrocephalus. According to the 
two-sample Mest, the incidence of shunt-dependent 
hydrocephalus was 15.3% (24 of 157 patients) in the 
surgical clipping group and 10.3% (six of 58 patients) 
in the endovascular coiling group. No significant dif- 
ference in the incidence of final VPS was observed be- 
tween treatment modalities (p = 0.35) (Table 2). 

Age, sex, H-H grade, Fisher grade, and presence of 
initial IVH were similar factors between the two 
groups. The number of patients having acute hydro- 
cephalus and the number of posterior circulation 
aneurysms were factors that were more frequent in 
the coiling group. 

Risk factors for shunt-dependent hydrocephalus af- 
ter ruptured aneurysmal SAH 

According to results of univariate analysis, older age 
(> 65 years), poor H-H grade (grade IV and V) and 
Fisher grade (grade III and IV) and presence of initial 
IVH were risk factors for development of SDHC (p < 



0.05) (Table 3). Of 30 patients who underwent VPS, 23 
(76.7%) patients presented with a poor H-H grade 
and 26 (86.7%) patients presented with Fisher grade 
III and IV. Twenty five (83.3%) of 30 patients initially 
had IVH on the brain CT scan (Table 2). 

LD or EVD for acute hydrocephalus 

LD was performed in 3% (five of 157 patients) of 
patients in the surgical clipping group and 20.7% (12 
of 58 patients) of patients in the endovascular coiling 
group. Due to the difference in the location of the 
aneurysm between the two groups, LD was per- 
formed more in the coiling group. In the LD group, 
development of shunt-dependent hydrocephalus fi- 
nally occurred in only two of 17 patients. 

EVD was performed in 16.6% (26 of 157 patients) of 
patients in the surgical clipping group and 15.5% 
(nine of 58 patients) of patients in the endovascular 
coiling group. In the EVD group, development of 
shunt-dependent hydrocephalus finally occurred in 
17.1% of patients (six of 35 patients). 
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Table 3. Factors associated with shunt-dependent hydrocephalus 



Age > 65years 
Initial IVH 

H-H grade IV and V 
Fisher grade III and IV 



1.16 
2.51 
1.81 
2.50 



95% CI 

1.02-1.69 
1.13-5.58 
1.21-2.69 
1.26-4.96 



< 0.05 

< 0.05 

< 0.05 

< 0.05 



Univariatelogistic regression model was used. 

CI = confidence interval; IVH = intraventricular hemorrhage; H-H 



Hunt-Hess 



DISCUSSION 

Development of acute or chronic hydrocephalus af- 
ter SAH can result in neurological deterioration, one 
of the representative complications of aneurysmal 
SAH after occlusion of a ruptured aneurysm. x) 

During clipping surgery for ruptured aneurysmal SAH, 
both mechanical clot removal and lamina terminalis fen- 
estration are possible. 12) It might improve CSF dynamics 
and prevent progression of chronic hydrocephalus. 

On the other hand, removal of the SAH is not possi- 
ble during an endovascular coiling procedure. Several 
studies have suggested that the incidence of SDHC is 
higher for endovascular coiling than for surgical 
clipping. Dorai et al. and Varelas et al. reported a 
higher incidence of SDHC in the coiling group than in 
the clipping group. 7 ) 25 ) During surgical clipping, irri- 
gation and early evacuation of SAH are possible and 
it may result in more rapid clearance of the blood and 
decreases the incidence of SDHC. However, they did 
not consider the initial lumbar drainage, which might 
lower the incidence of hydrocephalus. Therefore, the ad- 
vantage of the lumbar drainage was underestimated. 4 ) 
For this reason, findings of their study showed a 
higher incidence of SDHC in the coiling group than in 
the clipping group. 



However, according to the results of this study, 
compared to surgical clipping, the endovascular coil- 
ing procedure is not a risk factor for development of 
SDHC. Some studies reported similar results in that 
no significant difference in the incidence of SDHC 
was observed between the clipping group and the 
coiling group. 4 ) 5 ) 12 ) 

The treatment modality for the ruptured aneurysmal 
SAH is not a risk factor for development of SDHC 
(clipping: 15.3%, coiling: 10.3%, p = 0.35). However, 
according to the initial neurological status and pres- 
ence of the initial IVH, there were some differences in 
the incidence of SDHC (Table 2). A much more sig- 
nificant association with acute hydrocephalus was ob- 
served for the endovascular coiling group. In contrast, 
the anterior circulation aneurysm was found more 
frequently in the clipping group than in the coiling 
group. Due to the difference in the aneurysm location 
between the two groups, the initial LD procedure was 
performed more in the coiling group. 

The advantage of continuous LD in lowering the in- 
cidence of hydrocephalus has been reported in the 
literature. 5 ) 9 ) 14 ) 15 ) 16 ) 17 ) 20 ) 23 ) Initial lumbar drainage in pa- 
tients with ruptured aneurysmal SAH promotes circu- 
lation of CSF from the ventricles through the sub- 
arachnoid space, and it can wash out the bloody CSF 



Table 4. Comparison of incidence of shunt-dependent hydrocephalus with other studies 





Clipping group 


Coiling group 


p value 


Present study 


15.3 (%) 


10.3 (%) 


0.35 


Dehdashti et al. 5 ' 


14 (%) 


19 (%) 


0.53 


de Oliveira et al. 4 ' 


17.4 (%) 


19.6 (%) 


0.59 



Two-sample f-test and a Chi-square test were used. 
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from the spinal cistern. Drainage of CSF from the 
ventricles may actually promote circulation of CSF 
within the subarachnoid space; this is the role of lum- 
bar drainage in aneurysmal SAH patients. Thus, it 
may lower the incidence of SDHC. In comparison of 
our study with previous studies, the incidence of 
SDHC in coiled patients was much lower than in pre- 
vious studies (Table 4). Removal of the SAH is not 
possible during an endovascular coiling procedure; 
however, the LD might lower the incidence of SDHC. 
Due to the different protocol, assessment of statisti- 
cally significant correlations between LD and in- 
cidence of SDHC was not possible. 

In the current study, we identified several risk fac- 
tors associated with development of SDHC in patients 
after SAH. According to results of univariate analysis, 
older age (> 65 years), poor H-H grade IV and V, 
poor Fisher grade III, and IV and presence of initial 
IVH were all significant predictors of chronic hydro- 
cephalus (Table 3). Factors associated with develop- 
ment of SDHC identified in many studies may vary 
from study to study. However, age, female sex, loca- 
tion of aneurysm, poor neurological status, presence 
of initial IVH, and the amount of hemorrhage in the 
subarachnoid space have all generally been associated 
with a higher incidence of SDHC. 4) 

Our study has some limitations. This study is a ret- 
rospective study; therefore, selection bias was inevitable. 
In addition, the treatment modality was dependent 
upon the surgeon's discretion. The number of patients 
in each group was not similar, such that there were 
157 patients in the clipping group and 58 patients in- 
the coiling group. In addition, the location of the 
aneurysms was not evenly distributed in either group. 
This discrepancy is due to the fact that in our in- 
stitution, the majority of ruptured aneurismal SAH is 
still being treated by surgical clipping. Thus, a pro- 
spective, multicenter, and well stratified protocol will 
be needed for comparison of the incidence of ven- 
triculo-peritoneal shunt placement for shunt-depend- 
ent hydrocephalus (SDHC) after clipping versus coil- 



ing of ruptured aneurysmal SAH. 



CONCLUSION 

In this study, treatment modality showed no stat- 
istical significance with regard to the incidence of 
SDHC. A significantly higher rate of shunt depend- 
ency was observed for age older than 65 years, poor 
initial neurological status, and thick SAH with pres- 
ence of initial IVH. By understanding these factors re- 
lated to development of SDHC, it is expected that 
management of aneurysmal SAH will result in a better 
prognosis. However, a randomized and prospective 
study of treatment modality with or without the use 
of lumbar drainage will be able to overcome the limi- 
tations of our study. 

Disclosure 

The authors report no conflict of interest concerning 
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